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CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is related to the following co-pending and commonly-assigned 
patent application, which application is incorporated by reference herein: 
-jj^ . /\^> talked States Patent Application Serial No. 08/880,184, entitled 
5 "INTELLIGENT PROXY OBJECTS", by Keshaba Chandra Sahoo, et. al., Attorney 
Docket No. 305K6.24USU1, filed on June 20, 1997. 



BACKGROUND OF THE INVENTION 

1. Field of the Invention. 

10 The present invention relates generally to object-oriented computer systems, 

and in particular, to providing intelligent objects for varying document versions in an 
object-oriented computer system. 

2. Description of the Related Art. 

15 In some object-oriented computer systems, an application program or product 

(e.g., a word processing program or a spreadsheet program) is used to create a file (e.g., 
a document or spreadsheet). A file from one application can also include one or more 
objects from another application (e.g., a word processing file may contain a spreadsheet 
object created using a spreadsheet program). Further, in computer graphics and 

20 computer aided design (CAD) programs, drawing elements such as lines, shapes, 

circles, arcs, etc. may be represented by objects. To associate an object with a specific 
file, data for the object is streamed out with the file when it is stored. 
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As application programs are enhanced and updated, newer versions of the 
application program may be released. Accordingly, the files created by the applications 
may be tied to or related to a particular application version. Objects and their 
attributes may evolve over application program versions. Additionally, since the 
5 objects are stored with particular versions of a file, the objects are tied to the version of 
the file. By tying an object to particular version of a file, the evolution of the object is 
hindered across multiple versions of an application program/product. 

For example, if a user wants to save a file in a prior application version (e.g., for 
use by other users that do not have the most recent version of the application), and the 
10 object was created/introduced subsequent to the prior file version, the user has to 
choose between not evolving the object or not saving the object to the previous file 



versions. 



In another example, an object such as a circle may first be introduced in one 
version (version A) of an application program and an attribute such as the ability to fill 
15 the circle may be introduced in a later version (version B). By tying the object to the 
file version, the user is forced to choose between not evolving the object (and utilizing 
the fill attribute) or not saving the object to the previous file version (version A). The 
fast pace at which products are revised today makes either of these choices 
unacceptable. 

20 There is a need in the art to enable a user or developer to evolve an object 

across versions of product releases and still be able to save files to one of the previous 
product versions. 
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SUMMARY OF THE INVENTION 
To overcome the limitations in the prior art described above, and to overcome 
other limitations that will become apparent upon reading and understanding the 
5 present specification, the present invention discloses a method, apparatus, and article of 
manufacture for a computer implemented object-oriented computer system with 
intelligent object versioning. 

In accordance with the present invention, an object may be evolved across 

-ess. * * 

| a 

;Q versions of product releases while maintaining the ability to save files to one of the 

m 

m 10 previous product versions. Thus, objects are interoperable across multiple versions. 
=P Further, objects may be saved to a file version prior to when the object was 

introduced. 

g When an object is requested to stream out data, the object determines which 

version to stream out itself and all of its parent/superior classes. If the file version is 

□ 15 equal to or higher than the object's introduction version, the object and its superiors 
are streamed out in the file version. However, if the file version is lower than the 
object's introduction version, the object is represented by a proxy when the object is 
opened in the file and the data for the object is streamed out in the birth/introduction 
version of the object. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Referring now to the drawings in which like reference numbers represent 
corresponding parts throughout: 

FIG. 1 is a block diagram illustrating an exemplary hardware environment used 
to implement one or more embodiments of the invention; 

FIG. 2 illustrates a hierarchical system of classes in accordance with one or 
more embodiments of the invention; 

FIG. 3 is a flow chart for streaming out data in accordance with one or more 
embodiments of the invention; 

FIGS. 4A, 4B, and 4C illustrate various relevant time lines for object and 
document versions in accordance with one or more embodiments of the invention; and 

FIG. 5 is a flow chart illustrating the details of determining a streaming version 
in accordance with one or more embodiments of the invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
In the following description, reference is made to the accompanying drawings 
which form a part hereof, and which is shown, by way of illustration, several 
embodiments of the present invention. It is understood that other embodiments may 
be utilized and structural changes may be made without departing from the scope of 
the present invention. 

Overview 

One or more embodiments of the invention provide the ability to evolve an 
object across versions of a product releases and still be able to save a file to one of the 
previous product versions thereby making objects interoperable across multiple 
versions. Such embodiments enable saving a file (and object data) to a product version 
prior to when the object was introduced. 

Hardware Environment 

FIG. 1 is an exemplary hardware and software environment used to implement 
one or more embodiments of the invention. One or more embodiments of the 
invention are typically implemented using a computer 100, which generally includes, 
inter alia, a monitor 102, data storage devices 104, cursor control devices 106, and other 
devices. Those skilled in the art will recognize that any combination of the above 
components, or any number of different components, peripherals, and other devices, 
may be used with the computer 100. 
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One or more embodiments of the invention are implemented by a computer- 
implemented application program 108. Generally, the application program 108 
comprises logic and/or data embodied in or readable from a device, media, carrier, or 
signal, e.g., one or more fixed and/or removable data storage devices 104 connected 
directly or indirectly to the computer 100, one or more remote devices coupled to the 
computer 100 via a data communications device, etc. 

Those skilled in the art will recognize that the exemplary environment 
illustrated in FIG. 1 is not intended to limit the present invention. Indeed, those 
skilled in the art will recognize that other alternative environments may be used 
without departing from the scope of the present invention. 

Objects and Classes 

As described above, objects may be utilized in application programs 108. 
Objects may be described and defined in a variety of object-oriented programming 
languages. In most such languages, objects are defined by one or more classes. A class 
sets forth methods/behavior and attributes for an object (or part of an object). 
Subclasses may define further methods and attributes for the object. When an object is 
utilized by an application program, the methods and behaviors from all of the classes 
which define the object are utilized to create an instance of the object (which is referred 
to as instantiation). Thereafter, the data that represents the object instance (including 
the actual methods and attributes) may be streamed out to a file. 

In a hierarchical system of classes, an object's data is the sum of its class-specific 
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data and that of all its superior classes. FIG. 2 illustrates a hierarchical system of 
classes. Class A 200 is the root class or parent class of all other classes 202-212. The 
children of Class A 200 are Class Al 202 and Class A2 204 and are often referred to as 
subclasses of Class A 200. The remaining classes 206-212 are further descendants and 
5 may also be subclasses of Class A 200 or their immediate parent. All classes contain 
the data from their parent/superior class plus additional data. Thus, class Al 202 
contains data from Class A 200 plus additional data. Similarly, Class A 1(A) 206 
contains the data from Class Al 202 and Class A 200 plus additional data. In order to 
completely represent an instance of an object, when the object instance is streamed out 

10 to a file, the data of its parent/superior classes may also be streamed out to the file. 

This hierarchy of classes applies in all types of application programs 108. For 
example, in a spreadsheet application, if Class A 200 is a spreadsheet object, Class Al 
202 is the spreadsheet object of (or contains the data from) Class A 200 plus additional 
features. Thus, the data of a particular object (or an instance of the object) includes 

15 data for the methods and attributes of its parent/ superior objects. 

Object Versions and Embodiment Details 

Objects may be changed over time such that different versions contain different 
methods or attributes. For example, in a computer graphics application, a circle object 
20 may be introduced in version A, the ability to fill the circle may be provided in version 
B, and the ability to view the circle in 3D may be provided in version C. Further, an 
attribute for an object may indicate the version of the object (e.g., 1, 1.1, 2, etc.). 
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When an object is streamed out to a file, the most derived class of the object has the 
authority to determine which version it wants to be streamed out as. Accordingly, the 
most derived class of the object instructs all of its parent/superior classes of the selected 
version when inquired. The superior classes query for such information when they are 
5 requested to stream out data on behalf of the object in question. 

FIG. 3 is a flow chart for streaming out data in accordance with one or more 
embodiments of the invention. At step 300, a request to store an object is issued. Such 
a request may be issued when a file or document, which serves as persistent storage for 
the object, is saved (e.g., to data storage device 104). Alternatively, application 

10 program 108 may request that the object be stored for other reasons (e.g., for caching 
the object, for storing changes to the object, etc.). At step 302, the object determines 
which version to stream out in (if the object is a parent/superior object, the 
parent/superior object queries the child object for the version). At step 304, the data 
of the object is streamed out in the version selected. 

15 At step 306, an object determines if there are any more parent/superior objects 

that need to be streamed out. If not, all data has been streamed out and the process is 
complete at step 308. If parent objects need to be streamed out, the object requests the 
parent object(s) to stream out their data at step 310. The process continues with each 
parent object at step 302. However, as indicated above, since a parent/superior object 

20 is being streamed out, at step 302 the parent object/superior class queries the 

requesting/child object for version information (i.e., the version to stream out in). 

The child/requesting object determines which version to stream out the data in 
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(for itself and all parent/superior objects) at step 302. To help understand 
determination step 302, FIGS. 4A, 4B, and 4C illustrate the various relevant time lines. 
In FIG. 4A, both the object version and the version when the object was introduced 
are lower/earlier (or equal to) the document/file version. In FIG. 4B, the current 
object version is higher/later than the current document/file version and the version of 
the object's introduction is lower/earlier than the current document/file version. In 
FIG. 4C, the current version of the object and the version of the object's introduction 
is higher/later than the file/ document version. 

In view of FIGS. 4A-4C, FIG. 5 is a flow chart illustrating the details of the 
determination step 302. At step 500, the object determines if the requested file version 
is lower than the version in which the object was introduced. In other words, is the 
version of the file that contains the object lower than the version in which the object 
was introduced? Phrased another way, was the object introduced in a file version 
earlier or later than the current version? 

If the requested file version is equal to or higher than the version in which the 
object was introduced (i.e., FIG. 4A and FIG. 4B), the class of the object and its 
superiors stream out in the requested file version itself at step 506. In other words, if 
the object was introduced in a version earlier than or equal to the current version of 
the file, the object and its superiors are streamed out in the current version of the file. 
Thus the object is saved with the file in the same format. 

However, if the requested file version is lower than the version in which the 
object was introduced (i.e., FIG. 4C), the class of the object and its superiors stream 
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out in the "birth" version of the object in steps 502 and 504 (see details below). In 
other words, if the object was introduced after the version of the current file (e.g., the 
file in which the object is being saved), the object is streamed out in the "birth" version 
(the version of the object when it was first introduced). Thus, earlier file versions 
contain the earliest possible version of an object if necessary. 

^^^Smce the version of the object's introduction is higher than the file version in 
FIG. 4C, problems may be encountered by streaming out the object in its introduction 
version. For example, the prior application program version may not have the 
capabilities to read^display, or utilize the object (when the prior application program 
version is lower than tta object introduction version). Consequently, the object is 
represented as a proxy object when the file is opened in the old version at step 502. 
The proxy object holds onto the object's data and faithfully streams the data in an out 
of persistent storage at step 504. The proxy object may provide a limited set of 
functionality for the object. For example, in a computer graphics application, the 
proxy object may merely display a bitmaV of a circle object. Proxy objects are more 
fully described in United States Patent Application Serial No. 08/880,184, entitled 
"INTELLIGENT PROXY OBJECTS", by KesM>a Chandra Sahoo, et. al., Attorney 
Docket No. 30566.24USU1, filed on June 20, 1997 ^hich is hereby fully incorporated 
by reference. 

By storing the object in its introduction or "birth" version, if the file is opened 
in an application program in between the stored version and the version where the 
document was created, the object may have functionality beyond merely displaying a 
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bitmap. For example, suppose a circle object is introduced in version 3 of a graphics 
application program, with the ability to fill the circle object added in version 5 of the 
graphics application program. Further, suppose, a user of Application program 5 is 
saving a drawing containing the circle object in the format of version 1 (e.g., using a 
5 "Save As" function) of the graphics application program. In accordance with 
embodiments of the invention, the circle object is stored in version 3 (the "birth" 
version of the object) and a proxy object is utilized when the drawing is opened in 
version 1. However, if another user opens the same file using version 3 of the graphics 
application program, some of the functionality of the object is still available because of 

10 the version in which it is stored (e.g., the ability to utilize a circle object). 

Thus, if the file is saved to a version equal to or higher than the object's 
birth/introduction version (FIG. 4A and FIG. 4B), the object is alive and operates 
correctly when the file is opened in that version of the product (step 506). However, if 
the object is saved to a file version prior to the object's birth/introduction version 

15 (FIG. 4C), the object is represented by a proxy object when the file is opened in the old 
version of the product (steps 502-504). 

Conclusion 

This concludes the description of the preferred embodiment of the invention. 
20 The following describes some alternative embodiments for accomplishing the present 
invention. For example, any type of computer, such as a mainframe, minicomputer, 
or personal computer, or computer configuration, such as a timesharing mainframe, 
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local area network, or standalone personal computer, could be used with the present 
invention. In summary, embodiments of the invention provide the user with the 
ability to utilize any version of an object regardless of the document/file version. 

The foregoing description of the preferred embodiment of the invention has 
been presented for the purposes of illustration and description. It is not intended to be 
exhaustive or to limit the invention to the precise form disclosed. Many modifications 
and variations are possible in light of the above teaching. It is intended that the scope 
of the invention be limited not by this detailed description, but rather by the claims 
appended hereto. 



